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SUMMARY

The spectral emittances of textured space radiator materials between 1.7
and 14.7 um have been evaluated at room temperature and elevated temperature
(630 °C) in air. Heating in air caused a permanent increase in spectral emit-
tance for all materials tested: HC1/ion beam textured 304 stainless steel,
untextured Ti (6 percent Al, 4 percent V), and sandblasted Ti (6 percent Al,

4 percent V). Changes in the surface chemistry and/or surface morphology of
these materials were also observed. Elevated temperature spectral emittance
was measured in an argon atmosphere and compared to the measurements in air.
Similarity between the room temperature and elevated temperature spectral emit-
tance measurements was also investigated, and limited agreement was found.

INTRODUCTION

The development of nuclear reactor power systems for space applications
requires that the system be able to fit in the Shuttle bay. To assist in meet-
ing this requirement, the area of the system's radiator can be minimized by
increasing the thermal emittance of the radiator surface. For the SP-100
nuclear space power system, the desired thermal emittance is greater than or
equal to 0.85 at 700 to 900 K.

Various techniques, such as sandblasting, discharge chamber texturing, and
carbon arc electrical discharge, have been used on candidate radiator materials
to achieve high emittance values (refs. 1 and 2). The thermal emittance at
elevated temperatures for these materials was determined by normalizing the
room temperature spectral emittance to a 700 to 900 K blackbody. This method
of calculating the thermal emittance assumed that the spectral emittance at
elevated temperatures was the same as that at room temperature. However, this
may not be a valid assumption, especially if the surface chemistry, composi-
tion, or texture of the materials changes upon heating.

For this reason, the effects of elevated temperatures on the emittances
of two materials, Ti (6 percent Al, 4 percent V) and 304 stainless steel, were
investigated at elevated temperatures and in atmospheres of variable composi-
tion. Spectral emittances were measured at both room temperature and elevated



temperatures in order to detect a change in emittance, and surface analysis
was performed to provide explanations for the emittance changes.

APPARATUS AND PROCEDURE
Surface Texturing

Titanium (6,4) samples were textured in a S.S. White sandblaster with
60 um SiC as the impinging particle at an operating pressure of 10 psi. The
samples were positioned 6 to 7 c¢cm from the nozzle with the particles directed
normal to the surface. The samples were sandblasted until there was no visi-
ble change in appearance.

Stainless steel (304) samples were etched in hot concentrated HC1 for
12 min, rinsed in distilled water, and blown dry with nitrogen gas. After-
wards, the samples were placed in an argon ion discharge chamber operating at
1500 V and ~700 °C for 2 hr. The discharge chamber texturing system is
described more completely in reference 1.

Spectral Emittance Measurements

Reflectance measurements were made at room temperature from 1.7 to 14.7 um
using the hohlraum reflectometer attachment of a Perkin-Elmer model 13 spectro-
photometer (fig. 1). Total reflectance was measured as the intensity ratio of
the radiation reflected by the water-cooled sample to the radiation emitted by
the wall of the heated cavity (>0.99 blackbody), which was kept at 630 °C. The
measured spectral reflectance (r;) was then converted to spectral emittance
(e)) by:

ey = | - Iy (1
which follows directly from Kirchoff's law for an opaque surface.

Spectral emittance measurements were also made at elevated temperatures
over the same wavelength range using the emissometer attachment of the spectro-
photometer (fig. 2). The samples were heated to 630 °C in the emissometer
with the normally emitted radiation reflected into the spectrophotometer. Cal-
culating the intensity ratio of the radiation emitted by the sample to the
radiation emitted by the cavity wall at the same temperature yielded the spec-
tral emittance in air at 630 °C.

A special hood was designed to allow emittance measurements in atmospheres
other than air (fig. 3). The hood was a metal dome 15 cm in diameter and
7.5 cm in height which covered the sample and had a transmitting ZnSe window
in the optical path. The gaseous environment was created by running a slow
purge of gas through the dome, entering through an inlet at the top and exiting
through a side outlet. The purge was maintained while obtaining the spectral
emittance and after the run while the sample was cooling.

The spectral emittances of untextured and sandblasted Ti (6,4) samples
were measured at room temperature in the hohlraum reflectometer before and
after heating at 630 °C for 4 hr. The spectral emittance of the sandblasted
Ti (6,4) was also measured at 630 °C in the emissometer after 0 to 10,



20 to 30, 40 to 50, and 60 to 70 min of heating. The 10-min time spans corres-
ponded to the time necessary to complete the measurements. The spectral emit-
tance of another sandblasted Ti (6,4) sample was then determined at 630 °C in
an argon atmosphere using the metal dome attachment for the emissometer after
heating for 1 hr.

Similarly, the spectral emittance of the HCl etched and then jon beam tex-
tured stainless steel type 304 sample was measured at room temperature before
and after heating at 630 °C for 4 hr. After 1 hr of heating, the spectral
emittance was measured at 630 °C in the emissometer.

Surface Analysis

Surface analysis was performed before and after heating in the emissometer
in order to determine the causes for changes in spectral emittance. The chemi-
cal compositions of the sample surfaces were determined by ESCA analysis. A
Scanning Electron Microscope was used to observe the surface morphology of all
the samples before and after heating.

RESULTS AND DISCUSSION
HC1-Discharge Chamber Textured Stainless Steel 304 Sample

The spectral emittance data in air for textured 304 stainless steel are
presented in figure 4 for three different heating durations. The textured
stainless steel emittance was first measured in the hohlraum reflectometer
with the sample at room temperature. Its emittance was then measured in the
emissometer after it was at 630 °C for 1 hr. Finally, after the sample was
heated to 630 °C for 4 hr in air, its emittance was remeasured in the hohlraum
reflectometer at room temperature. The resulting three spectral emittance
curves were close together (they were the same between 0.75 and 0.88 um)
between 2 and 7 um, but not for the longer wavelengths. The original room tem-
perature emittance at 13 um was 0.36. The elevated temperature emittance at
13 um after 1 hr heating increased to 0.55, but the room temperature emittance
after 4 hr heating in air increased to a peak value of 0.80 at 13 um.

The SEM photographs of the sample before and after heating are shown in
figure 5. Before heating, the surface consisted of small spires (about 0.2 um
wide) spaced less than 1 um apart. After heating, the spires on the surface
were much larger (about 1 um wide) and were spaced farther apart (about 2 to
3 ym). During heating, therefore, the small spires coalesced to form a sur-
face with a rougher texture. The increases in the long wavelength emittances
could be explained by this change in the surface morphology. The original sam-
ple had a low emittance for the longer wavelengths because the dimensions of
the surface texture were much smaller than these wavelengths. The emittance
for the longer wavelengths increased after heating because the size and spac-
ing of the spires increased.

The spectral emittance taken with the sample in the emissometer at ele-
vated temperatures fell between the two hohlraum reflectometer curves. The
emittance remained high for the shorter wavelengths but was found to decrease
at wavelengths longer than 10 um. The data suggests that while the emissometer
measurement was being made, the sample morphology was in an intermediate state



in comparison to the room temperature measurements. The sample had been heated
for only 1 hr instead of 4 hr, and it is likely that the surface texture had
not reached equilibrium at the time of the measurement.

The ESCA results for textured stainless steel are listed in table I. The
results indicate that the chemistry of the surface did not change much during
exposure to air while at 630 °C.

Untextured Ti (6,4) Sample

In figure 6, the spectral emittance data for a prestine (untextured)
Ti (6,4) sample is illustrated. For this material a substantial and permanent
increase in room temperature emittance resulted upon heating in air to 630 °C
for 1 hr. SEM photographs (fig. 7) revealed that the surface texture became
rough as a result of heating. ESCA analysis (table I) shows that the surface
was heavily oxidized; the Ti:0 ratio had decreased from 0.18 before heating to
0.04 after heating. The presence of oxygen while heating was therefore respon-
sible for the increase in emittance by changing the surface chemistry and
morphology.

Sandblasted Ti (6,4) Sample

Figure 8 shows the spectral emittances of sandblasted Ti (6,4) measured
at room temperature before and after heating to 630 °C for 1 hr at elevated
temperature. Comparison of the initial room temperature spectral emittance of
sandblasted Ti (6,4) with that of pristine Ti (6,4) (fig. 6) shows that sand-
blasting significantly increased the emittance. As with the other samples
tested, the room temperature emittance of sandblasted Ti (6,4) increased upon
heating in air. The spectral emittance at elevated temperature was slightly
below the final room temperature emittance, particularly at the shorter
wavelengths.

Figure 8 also shows the elevated temperature spectral emittance of sand-
blasted Ti (6,4) measured after 1 hr at 630 °C in the argon atmosphere. The
measurements were made through the ZnSe window, and hence the spectral emit-
tance must be corrected for the absorption by the window:

e'(\)

Tt (2)

e(\) =

where ¢'(X) was the measured spectral emittance and t(X\) was the spectral
transmittance of the window. The figure shows that the emittance was low at
the shorter wavelengths and high at the longer wavelengths. The short wave-
length results appear inconsistent with the initial room temperature measure-
ment. It seems unlikely that there would be such a large difference between
the emittance at room temperature and the emittance at 630 °C in an inert gas
atmosphere. A possible explanation is that the sample had cooled while the
short wavelength emittance was measured, yielding a lower result. Unfortu-
nately, another measurement could not be made to check the results because the
emissometer heater failed. The long wavelength emittance, on the other hand,
was consistent with the other curves, falling between the original and final
room temperature measurements.



The results for the sandblasted Ti (6,4) samples can also be explained by
surface analysis. Although the SEM photographs (fig. 9) did not show a change
in the surface morphology, the ESCA results (table III) clearly revealed a
change in the surface chemistry. As a result of sandblasting with SiC, the
sample surfaces were primarily silicon-based compounds instead of titanium-
based. The surface of the sample heated in air had the largest amount of SiO»
relative to SiC, followed by the sample heated in argon, and then by the room
temperature sample. For wavelengths between 8 and 15 um, the emittances of the
samples followed the same order. One can conclude that the permanent increase
in emittance resulted from the conversion of SiC to Si0Oy at elevated tempera-
tures. Figure 10 shows the elevated temperature spectral emittance measured
in air over time, and the reaction appeared to be complete after 1 hr of heat-
ing in air.

CONCLUDING REMARKS

Permanent increases in the spectral emittance of the candidate space radi-
ator materials was found to occur as a result of heating the sample of 630 °C
in air for 1 hr. The spectral emittance of HC1/ion beam textured stainless
steel was unchanged between 2 to 7 um but increased between 7 to 15 pm. The
increase was caused by a rougher surface texture with no apparent change in the
surface chemistry. The spectral emittance of untextured Ti (6,4) increased
between 2 to 15 um as a result of heating in air. The surface became heavily
oxidized, and also appeared to have a rougher surface texture. The spectral
emittance of sandblasted Ti (6,4) also increased between 2 to 15 um. Again,
oxidation was found to be the cause of the increased emittance, even though
the surface morphology was not observed to change.

One of the goals of the experiment was to investigate the relationship
between room temperature and elevated temperature spectral emittance. After a
material was heated to 630 °C in air for 1 hr, the final room temperature spec-
tral emittance was close to the elevated temperature spectral emittance. The
two measurements differed by no more than 0.1 emittance units for sandblasted
Ti (6,4) between 2 to 15 um (see fig. 8) and also for textured stainless steel
between 2 to 10 um (see fig. 4). These measurements, however, were performed
in air, and heating to 630 °C in air caused a permanent change in the emit-
tance. The purpose for heating the sandblasted Ti (6,4) sample in the inert
gas argon was to eliminate the effects of the air and to obtain a true elevated
temperature emittance. A large difference between elevated and room tempera-
ture emittance for the short wavelengths was found, but this result could not
be repeated because the emissometer heater failed.

In the future, it is planned to replace the emissometer attachment with a
bell jar system. The new system will allow elevated temperature spectral emit-
tance measurements to be made in vacuum so that there will not be any changes
in the sample surface caused by the surrounding atmosphere. Also, various
gases could be bled into the chamber so that spectral emittance measurements
could be made in any atmosphere. Currently, total hemispherical emittance
measurements are being made in a calorimetric vacuum emissometer (CVE). The
CVE results could then be compared with the total emittance calculated from
the spectral emittance results made in vacuum.
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TABLE I. - ESCA AND MORPHOLOGY FOR SAMPLES TESTED

Sample Surface Temperature/ ESCA result Morphology
treatment atmosphere
Ti(1) None Room temperature Ti/0 = 0.18 Smooth
Ti(2) None 630 °C/air Ti/0 o 0.04 Changed
Ti85C Sandblasted Room temperature Si, SiC, some Si0y: Unchanged
5iC/5i0p = 2.7
Ti25A Sandblasted 630 °C/air Mostly Si0», some SiC, Si: Unchanged
SiC;SiOZ = 1.1
Ti56AR Sandblasted 630 °C/air Si, SiC, moderate Si0;: Unchanged
SiC/Si0p = 1.9
S.S5. 304 HC1 discharge Room temperature C, Fe, Cr, 4 percent Ta: Spires
chamber texture all in oxidized states 1 um
S.S. 304 HC1 discharge 630 °C/air C, Fe, Cr, 4 percent Ta: Spires
chamber texture all in oxidized states 2 to 3 um
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